Initiation of chromosome replication in Escherichia coli occurs at a specific site on the chromosome, termed oriC. The first step of initiation is the duplex opening as a result of binding of DnaA protein (encoded by the dnaA gene) to oriC (see reference 19 for a review). In RNase HI-deficient (rnhA) mutants, initiation can occur at multiple sites (oriKs), which are normally repressed in wild-type cells (see reference 11 for a review). Thus, as long as oriK sites are active, the oriC site and DnaA protein are dispensable in rnhA mutants (15) . The replication from oriK sites in the absence of RNase HI, designated constitutive stable DNA replication, can be initiated in the presence of chloramphenicol, an inhibitor of protein synthesis, whereas continuous initiation from oriC strictly requires protein synthesis (11) .
RecBCD enzyme, encoded by the recB, recC, and recD genes, plays a pivotal role in homologous recombination (see reference 21 for a review). The single-stranded-DNA-specific exonuclease activity (Exo V) of the enzyme is not essential for the recombination function because recD mutants which lack the Exo V activity remain recombination proficient (1) . On the other hand, recB and recC mutants are deficient in homologous recombination (21) . Itaya and Crouch demonstrated that introduction of the recB21 and recC22 mutations into rnhA339(Null)::cat mutants renders cells nonviable (7) . One of their proposed mechanisms for the lethality hypothesizes that in rnhA(Null)::cat recBC cells neither the oriC nor the oriK system for chromosome replication is operative because initiation at oriKs requires the RecBCD enzyme and initiation at oriC requires RNase HI. It was previously examined, using rnhA224 mutants, whether oriC initiation required RNase HI and concluded that RNase HI was not essential for initiation at oriC (14). Recently, the mhA224 allele was cloned and sequenced (9) . The sequence revealed that rnhA224 is a UGA nonsense mutation which could be leaky in certain genetic backgrounds. Although both rnhA224(UGA) and rnhA (Null)::cat mutants have RNase HI activities at levels below the detection limit (8) (12) . Therefore, the possibility that the residual level of activity may have been sufficient for the requirement for oriC function has been raised. In this study, we have reexamined the possible requirement of RNase HI for oriC initiation, using rnhA(Null)::cat mutants. We have also tested whether recB+ is essential for oriK initiation.
The E. coli strains and plasmids used are listed in Table 1 . AQ8065 was constructed by introducing the recB21 mutation [rnhA::cat recB(Ts,] (O and 0) were grown for about three generations to 2 x 10 cells per ml in CAA medium (12) containing [3H]thymidine (5 ,Ci; 10 p.g/ml) and 2'-deoxyadenosine (300 ,ug/ml). Cells were then collected by filtration, washed, and resuspended in fresh medium. The cell suspension was split into halves: one half was incubated at 30°C (open symbols) and the other was incubated at 42°C (closed symbols). Samples were taken at intervals, and the copy number of pOC81 was determined by Southern blot hybridization as described previously (17) . The probe was the BamHI-BamHI fragment of pNK862 (23) (12) . This strain pOC81 is a minichromosome which carries the oriC site and was very sensitive to L broth but could grow relatively well in thus is capable of autonomous replication. This plasmid transminimal medium supplemented with Casamino Acids (12) .
formed AQ8901 (rnhA::cat) and AQ8880 (rnhA4) at equal AQ8880 was constructed from CM735 (5) by introducing the frequencies (Table 2) . When a AoriC strain (AQ8964) was thyA mutation of AQ5786 (18) with the linked zag::TnlO and used in order to prevent integration of the plasmid into the by selecting a spontaneous mutant that grew at a low concenchromosome by homologous recombination, the frequency of tration (4 ,ug/ml) of thymine. Subsequently, the TnlO marker transformation with pOC81 was slightly lower, but so was the was removed by selecting for Tcs by the method of Bochner et frequency with a control plasmid, pUC18::kan. The presence al. (3) . The presence of the oriCdel-1071 mutation in AoriC of the dnaA::TnlO mutation inhibited the transformation with strains was verified by Southern blot hybridization as described pOC81. pFHC539 carrying dnaA+ restored the ability to previously (15) . pOC81 (4) and pFHC359 and pDKT143 (14) support pOC81 replication to the dnaA::TnJO strain but were described previously. pUC18::kan was constructed by pDKT143 (lacking dnaA+) did not ( The possible requirement of recB+ for initiation at oriKs was tested in two types of experiments. In the first experiment, the effect of the recB21 mutation on constitutive stable DNA replication in an rnhA224 recB21 strain was examined (Fig. 2) . In the second, DNA synthesis in an rnhA::cat recB(Ts) dnaA::TnlO strain was monitored at 42°C (Fig. 3) . In this strain, replication from oriC is inhibited by the dnaA::TnlO mutation, and thus chromosome replication originates solely from oriKs. In neither experiment was inhibition of DNA synthesis by the recB mutations seen.
The results presented above clearly rule out the possibility that the mnhA recB lethality is due to the failure to initiate chromosome replication at both oriC and oriKs. The lethality most likely stems from the lack of removal of persisting Rloops in rnhA mutants due to the simultaneous inactivation of the Exo V activity and homologous recombination activity of the RecBCD enzyme by the recB mutation. The evidence supporting this proposal has been presented elsewhere (12 RNase HI or RecB is required for oriC initiation only in the absence of the other. In this experiment, replication of minichromosome pOC81 was monitored in rnhA::cat recB(Ts) AoriC cells at 42°C (Fig. 1) . The result indicated that the minichromosome replicated in the RecB -condition as well as in RecB+ cells in the complete absence of RNase HI activity.
These results support our previous conclusion that RNase HI is not directly involved in the process leading to initiation of chromosome replication at oriC. A major role of RNase HI is to prevent opportunistic initiation at the alternative origins (oriKs) by removing RNA-DNA hybrids that could otherwise become sites for priming DNA replication (22 
